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To employ the full potential of electrochemical (ec) synthesis to grow metal-organic frameworks (MOFs) in more complex organizations at the mesoscale, it is vital to understand the underlying crystallization reaction pathway. For the MOF most typically grown electrochemically, CuBTC, we systematically investigated the role of oxygen species in the synthesis.
Metal-organic frameworks (MOFs) attract significant interest as versatile materials for gas separation 1 and storage, 2 and more recently as light harvesters for novel energy conversion schemes. 3, 4 Their topology (crystal structure, pore size, pore connectivity) and functionality (chemistry at reactive sites, luminescence/absorption properties of framework, guest donor/acceptor moieties) can, in principle, be tuned to desire by making use of the wealth of metal ion and organic linker combinations the chemist's tool kit provides. While classically, MOFs are synthesized solvothermally at elevated pressure and/or temperature, 5, 6 recently, novel anodic and cathodic [7] [8] [9] [10] [11] [12] electrochemical (ec) fabrication protocols are emerging as electrosynthesis offers milder conditions, greater energy efficiency and energetic control over the MOF growth. 7, 13, 14 It has been shown that by applying an appropriate synthesis potential, the size of MOF crystals can be directly controlled in the sub-to 5 µm size range, 7, 8 or that different linkers can be built in on demand to fabricate multi-functionality MOFs in situ. 10 These cases demonstrate the extraordinary possibilities electrosynthesis offers for controlled MOF growth. However, generalizing the ec approach requires a detailed understanding of the underlying reaction mechanisms which have to date only been speculated on. 7, 15 Questions regarding the chemical species involved, the role of the substrate surface and the energetics and kinetics of the overall reaction pathway of ec MOF formation need to be answered to mature ec synthesis into a readily available tool for rational MOF design.
In this work, we unravel the reaction mechanism of the ec formation of a showcase MOF, CuBTC (HKUST- dissolution-coordination mechanism proposed in literature. The SEM image (Fig. 1B) shows parallel Cu tracks due to the acidic etching of the surface. With exception of only about 1 particle/100 µm² of ca. 0.5 to 1 μm diameter, no CuBTC crystals are visible. The CuBTC response in the Raman spectra can hardly be distinguished from the noise (Fig. 1B inset) , and no XRD signal of CuBTC was obtained (Fig. SI1B) .
To find the smallest set of components required to enable CuBTC synthesis, we electrochemically oxidized the surface of the Cu plate on purpose by immersing it in the electrolyte solution and applying a potential of 1 V vs Ag/AgCl for 25 min prior to O 2 -free MOF synthesis (Samples C). SEM, Raman and XRD confirm the successful synthesis of CuBTC ( Figs 1C, SI1C ); the Raman spectrum shows a significant Cu 2 O contribution (Fig. SI3C ). Samples C are covered with a mixture of about 5 Fig. 1D shows octahedral crystals of 1 to 5 µm diameter that are intergrown into larger agglomerates of 10 to 15 µm length. Raman spectra (Fig. 1D inset) and XRD (Fig.  SI1D) (Fig. 2, red) . This is the only Sample for which we observe incomplete CuBTC octahedrons. It is unlikely that these crystals deposited onto the Cu 2 O substrate during centrifugation; rather they must have grown at the surface, and their growth was halted prematurely due to lack of O 2 . Similarly, also the few octahedral crystals (Fig. 2, 
(2) A positive applied potential facilitates the net release of electrons in reaction (1) . Excess electrons are transferred to the counter electrode where a not-further specified counter reaction takes place. Reaction (2) represents the aerobic oxidation of Cu that takes place in the presence of O 2 . In Samples B, both (1) and (2) propose the following ec half reaction:
O is a likely product that can be produced from the oxygen released from Cu 2 O and the protons released from BTC. In the ec synthesis, this oxidation half-reaction takes place at the Cu anode. (A corresponding, not further specified reduction reaction takes place at the counter electrode.) With the production of H 2 O, the reaction should be self-sustaining after a certain threshold H 2 O concentration is reached. 34, 35 We demonstrate how the gained knowledge can be used for a novel quick and versatile approach to produce patterned CuBTC devices.
